Aims/hypothesis. Type 1 diabetes mellitus is a multifactorial autoimmune disease characterised by selective destruction of beta cells in the islets of Langerhans. We have previously shown that IL-1β modulates beta cell function, causes beta cell death and induces expression changes in 82 out of 1815 protein spots detected by two-dimensional gel electrophoresis (2-DGE) in diabetes-prone bio-breeding (BB-DP) rat islets in vitro. The aim of this study was to describe the relevance of these proteins in the development of diabetes in vivo. Methods. Syngeneic neonatal islets (n=200) were transplanted under the kidney capsule of 30-day-old BB-DP and control rats, removed to different time points after transplantation or at the onset of diabetes, and metabolically labelled with S 35 -methionine for 2-DGE. The 82 proteins were re-localised and followed. In addition, transplants were examined for expression of IL-1β mRNA by in situ hybridisation.
Introduction
The pro-inflammatory cytokine IL-1β is thought to play a role during destruction of beta cells in Type 1 diabetes mellitus, a multifactorial polygenetic autoimmune disease characterised by mononuclear cell infiltration in the islets of Langerhans (insulitis) and selective destruction of the insulin-producing beta cells [1, 2, 3] . It is generally accepted that the destruction of the beta cells results from interactions between various environmental factors and immune mechanisms in genetically susceptible individuals [3] .
Beta cells are more sensitive to IL-1β [4] , nitric oxide (NO) donors (e.g. 3-morpholinosydnonimine [SIN-1] [5] and S-nitrosoglutathione [GSNO] [6] ) and streptozocin [7] than other cell types. IL-1β can be released within the islets in sufficient quantities to modulate and inhibit beta cell function in vitro [8] , and beta cells can be stimulated to produce IL-1β themselves [9] . IL-1β can influence important cellular functions, such as reducing DNA content, decreasing protein synthesis and intracellular energy production, and inducing beta cell apoptosis and necrosis. During the beta cell destructive process in vivo, IL-1β, TNF-α and IFN-γ are released in the islets, resulting, for example, in production of free radicals (such as NO, super oxide [O 2 − ] and hydroxyl [OH − ]) [3] . Free radicals are normally scavenged by protective proteins (e.g. catalase, haeme oxygenases and manganese superoxide dismutase) [10, 11, 12] .
The first events in the destructive process are not yet described in detail. Many IL-1β effects are mediated through induction of the inducible NO syntase (iNOS) and its product, NO [4, 13] . However, NO-independent mechanisms also occur [14, 15, 16] . We hypothesise that the beta cell, when exposed to IL-1β, initiates a protective response in competition with a series of deleterious events, and that in beta cells the deleterious events prevail [3] . In support of this, overexpression in islets and beta cell lines of scavengers of reactive oxygen species and NO, such as catalase, glutathione peroxidase and manganese superoxide dismutase, reduces the deleterious effects of cytokines on beta cells [17, 18, 19, 20] .
The diabetes-prone bio-breeding (BB-DP) rat spontaneously develops a diabetic syndrome with several characteristics in common with human Type 1 diabetes [21] . Originally, the BB-DP rat strain was bred from an outbred Wistar rat colony, and subsequent inbreeding of the BB-DP rat fixed the diabetes trait with the class II MHC haplotype RT1 u similar to that of Wistar Furth (WF) rats [22] . Strain-dependent variations in beta cell sensitivity to IL-1β have been demonstrated in vitro and in vivo [23, 24] , with islets from Brown Norway rats being less sensitive to IL-1β than those of WF rats, Lewis-Scripps and BB-DP, as well as diabetes-resistant BB (BB-DR) rats. BB-DP rat islets produce lower protective stress responses (heat shock protein 70 [HSP70]) than BB-DR rat islets, which may predispose BB-DP rat beta cells for destruction [25, 26] . The relative resistance to IL-1β-induced inhibition of beta cell function in vitro and in vivo in Brown Norway rat islets was associated with lower levels of expression of iNOS compared with that in Wistar Kyoto and Lewis-Scripps rat islets [24] .
Proteome analysis, in the sense of two-dimensional gel electrophoresis (2-DGE), mass spectrometry and bioinformatics, applied to BB-DP and WF rat islets exposed to IL-1β has provided a detailed picture of beta cell destruction at the protein level in vitro [14, 15, 16, 27, 28] .
We have previously demonstrated by proteome analysis that IL-1β-induced reproducible and statistically significant (Student's t test, p<0.01) changes in the expression of 82 out of 1815 protein spots in BB-DP rat islets in vitro represent proteins involved in (i) energy transduction and redox potentials; (ii) glycolysis and Krebs cycle; (iii) protein, DNA and RNA synthesis, chaperoning and protein folding; (iv) signal transduction, regulation, differentiation and apoptosis; and (v) cellular defence [27, 28] .
In this study we describe the possible relevance of the proteins in the spots identified in vitro for the development of diabetes in vivo in syngeneically transplanted pre-diabetic BB-DP and BB-DR and WF rat islets. Our overall aim was to follow proteins, the expression of which was influenced by IL-1β in islets of Langerhans from neonatal BB-DP rats in vitro, in syngeneic transplanted islets to BB-DP, BB-DR and WF recipients. Furthermore, we wanted to follow these proteins during the development of diabetes and to investigate to what extent IL-1β is present in the transplants.
More specifically, we aimed to investigate: (i) whether IL-1β-induced protein changes in DP islets in vitro could be found in syngeneic transplants from BB-DP, BB-DR and WF rats, and whether there are changes in expression profile during the development of diabetes in the BB-DP rat; (ii) whether changes in expression profile in BB-DP transplants were similar to changes found in BB-DP islets in vitro after IL-1β exposure; (iii) whether changes in expression profile in BB-DP transplants were different from those in BB-DR/WF transplants; and (iv) whether the protein expression profiles in syngeneic transplants in the few BB-DP animals escaping diabetes was different from those seen in age-matched syngeneic BB-DR transplants.
Materials and methods
We have previously exposed isolated neonatal BB-DP rat islets to recombinant human IL-1β in vitro and examined the protein expression pattern by proteome analysis. Out of 1815 protein spots, 82 were found to change in expression [27, 28] . To examine the putative role of these proteins in vivo during the development of diabetes in the BB-DP rat, 200 neonatal islets were isolated and syngeneically transplanted under the kidney capsule of 30-day-old BB-DP, BB-DR and WF rats. The islets were then removed after 7, 12, 17 (WF rats only), 23, 37, 48 or 174 days, or at the onset of diabetes (day 48±5) [29] . The transplants were excised immediately after cervical dislocation and metabolically labelled with [S 35 ]-methionine. The proteins were separated by 2-DGE and the protein expression profile was analysed as previously described [27, 29] . The 82 protein spots that changed in expression in BB-DP islets after IL-1β exposure in vitro were all re-identified in the transplants and their expression was examined in the excised transplants at the different time points (n=3-6 transplants for each time point). Identical procedures were carried out in syngeneic islets transplanted to BB-DR and WF rats, which served as control rats. The expression of the 82 protein spots, reported as percentage of the integrated optical density (%IOD) of the gel, in the different transplantation groups was measured in all transplants. The expression
Computer analysis of two-dimensional gels and statistics.
Computer analysis was performed using the BioImage program 2D-Analyzer (version 6.1). All analytical gels were matched, and the same spots on different gels assigned the same match number. Spots were quantitated, and %IODs obtained for all spots. The data were then transferred to Microsoft Excel for comparison of corresponding time points and for comparisons within each strain. Changes in expression were considered significant at a p value of less than 0.05 (Student's t test).
Protein identification. Protein spots that changed in expression after IL-1β exposure were cut out of preparative gels and identified by matrix-assisted laser desorption/ionisation mass spectrometry (MALDI-MS) as previously described [16, 28] .
Protein information. Information about the identified proteins and about putative biological functions was found in the ExPASy Molecular Biology Database at Swiss-Prot [36] and at the National Centre for Biotechnology Information (NCBI) [37] .
In situ hybridisation for IL-1β mRNA. Full-length rat IL-1β was cloned into pBluescript KS+, from which a 310 bp BamH1/Sac1 fragment was cut and reinserted in the same vector. Linearisation with BamH1 or Sac1, transcription with T7 (T3) polymerase with [ 35 S]-UTP and mild alkaline hydrolysis for 1 h at 60°C produced the radio-labelled antisense and the sense riboprobe respectively. BB-DP and BB-DR transplant cryostat sections from day 7, 23 or 48 after transplantation or from the day of onset of diabetes were postfixed overnight in 4% paraformaldehyde. They were then rinsed and acetylated, and in situ hybridisation with the radioactive riboprobes was carried out as previously described [38] . Kidney sections with the transplant site for islets were examined under dark-field light to score the number of clusters of grains over the islet transplant area. The clusters were then expressed as clusters per mm 2 of islet transplant area. The observers were blinded to the origins of the sections.
Results
In total, 2591 different protein spots were detected and quantified in all transplants. Among these, all 82 protein spots that changed expression in neonatal BB-DP islets in vitro after IL-1β exposure could be localised and followed in all syngeneic transplants from BB-DP, BB-DR and WF rats (Fig. 1) . It was possible to follow the expression of each single protein spot during the development of diabetes in the syngeneic BB-DP transplants, as well as in the BB-DR and WF transplants and in the transplanted BB-DP rats escaping diabetes. The BB-DR and the WF rats were pooled to serve as one group of controls for the following reasons: (i) neither rat type develops diabetes; (ii) the two have similar transplantation antigens (genetic background) and only scarce infiltration with inflammatory cells during ageing [29] ; and (iii) there are few differences in expression of the IL-1β-induced proteins between the two.
As the 82 in vitro IL-1β-changed proteins were followed through consecutive time points (day 7 to day 894 T. Sparre et al.:
profiles were compared over time (e.g. day 7 vs day 12, day 12 vs day 23) and between BB-DP and control transplants. Furthermore, in situ hybridisation for IL-1β mRNA was performed on transplants from BB-DP and BB-DR rats on day 7, day 23 and on day 48 in BB-DR rats and at the onset of diabetes in BB-DP rats.
Animals. The BB-DP and BB-DR rats (BB/Wor/Mol-BB2) as well as the WF rats were purchased from M&B (Lille Skensved, Denmark). All animal experiments were carried out according to national and international law, and ethical standards were approved by the Danish Council for Animal Welfare under the Ministry of Justice.
Isolation and preparation of islets of Langerhans. Islets were isolated by collagenase digestion of the pancreata from 4 to 5-day-old BB-DP, BB-DR and WF rats. For BB-DP islets, this was done between 5 and 7 days prior to transplantation and exposure to IL-1β [29, 30] .
IL-1β exposure of diabetes-prone bio-breeding islets. In brief, in our previous studies, batches of 150 BB-DP islets were exposed to 150 pg/ml recombinant human IL-1β for 24 h [27] and the protein expression patterns were analysed by proteome analysis [27, 28, 31] .
Islet transplantation to 30-day-old rats.
A total of 200 neonatal BB-DP, BB-DR or WF islets were syngeneically transplanted under the kidney capsule of 30-day-old BB-DP, BB-DR and WF rats under sterile conditions [29, 32, 33] .
Retrieval and preparation of transplants for two-dimensional gel electrophoresis. The transplants were retrieved after 7, 12, 17 (WF only), 23, 37, 48 and 174 days, or at the onset of diabetes, defined as blood glucose being above 14 mmol/l on two consecutive days [29] . The kidneys with the transplanted islets (now one coherent tissue piece) were removed immediately after cervical dislocation, placed under an operation microscope and divided into two pieces, one for immunohistochemistry and the other for 2-DGE [29] . The part for 2-DGE was carefully dissected from the kidney and the kidney capsule using a pair of scissors designed for eye surgery, and washed twice in Hanks' Balanced Salt Solution. The approximate size of the excised transplants ranged from 1 to 2 mm 3 . The transplants were placed in the labelling media less than 5 min after cervical dislocation of the rat, and were metabolically labelled with [ 35 S]-methionine for 4 h in methionine-free DMEM with 10% normal human serum dialysed for amino acids. Thereafter, the labelled transplants were washed in Hanks' Balanced Salt Solution, were snap frozen and were then stored for 2-DGE [27] . The frozen transplants were crushed in a mortar, re-suspended in DNAse I/RNAse A solution, lysed by freeze thawing twice, and freeze dried [27] .
Two-dimensional gel electrophoresis and preparative gels. Analytical two-dimensional gels (2-DG) were produced from the [ 35 S]-methionine-labelled part of the transplants. Preparative 2-DGs were produced from a pool of approximately 200000 neonatal WF rat islets, with 20000 islets for each gel, to increase the amount of protein for protein identification. For localisation of the spots, radioactively labelled tracer islets were mixed with the non-labelled islets and visualised by non-equilibrium pH gradient electrophoresis (NEPHGE; pH range 6.5-10.5) and isoelectric focusing (IEF; pH range 3.5-7.0) gels. The procedure for 2-DGE has been described in detail previously [27, 28, 34, 35] .
12, day 12 to 23 etc) in BB-DP and BB-DR/WF, 72 of the 82 protein spots significantly changed at one or more time points (Fig. 2 ). Of these 72 proteins, 28 changed over time (from day 7 to day 174 after transplantation) in both groups, 32 changed in expression in BB-DP transplants only, and as such were "specific" for the development of diabetes, and 12 changed specifically in the BB-DR/WF transplants ( Fig. 2 and Table 1 ). Of the 82 proteins, 22 (twelve only in BB-DR/WF and ten not changed in any group) were not affected at any time point during the development of diabetes ( Fig. 2 and Table 1 ). In the control rats (BB-DR/WF), 42 of the 82 proteins were unaffected over time (day 7 to day 12, day 12 to 17/23 etc). Examples of proteins changing expression in the BB-DP or BB-DR/WF transplants over time or between the two groups are shown in Figure 3 . Changes in expression (Table 1) were observed in 32 of the 82 proteins at the onset of diabetes compared with non-diabetic BB-DP rats on day 48 after transplantation (average time of onset is day 48±5). Of and in syngeneic BB-DP islet transplants (c, d). The gels shown are representative of three to six independent experiments, and the marked proteins represent proteins significantly changing in expression after 24 h of exposure to IL-1β in vitro with and without number identities. Isoelectric focusing (IEF) gel (pH 3.5-7) is on the right-hand side and non-equilibrium pH gradient electrophoresis (NEPHGE) gel (pH 6.5-10.5) is on the left-hand side. All 82 protein spots found in vitro were found in all transplants. The numbers correspond to the protein numbers in Tables 1 and 2 Fig. 2. Number of proteins among the 82 proteins changed in vitro, found to be changed in diabetes-prone bio-breeding rat islet (BB-DP) and diabetes-resistant bio-breeding/Wistar Furth rat islet (BB-DR/WF) transplants over time (e.g. from day 7 to day 12, from day 12 to day 23). The number of proteins that do not change in expression in vivo is given in brackets. Of the 82 proteins, 60 in the BB-DP and 40 in the BB-DR/WF transplants change in expression at one or more time points. Most changes are seen in the BB-DP transplants, and ten of the 82 proteins do not change in expression in vivo at all Fig. 3 . Examples of protein expression profiles for diabetesprone bio-breeding rat islet (BB-DP) and diabetes-resistant bio-breeding/Wistar Furth islet (BB-DR/WF) transplants. Shown are the average percentages of optical density (%IOD; n=3-6) and standard deviations for all time points analysed in both groups. Significant differences (p<0.05) in expression over time or between the two groups are indicated by *. Changes over time are written with the profiles (e.g. DP12 vs DP23) and changes between groups are marked with * only. DM, at the onset of diabetes mellitus; DP, BB-DP; DRWF, BB-DR/WF; I, isoelectric focusing gel; N, non-equilibrium pH gradient electrophoresis gel; squares, BB-DR/WF; triangles, BB-DP the same direction as they were by IL-1β in vitro (Table 2). Comparing these 32 (BB-DP 48 vs diabetes [ Comparing transplants from BB-DP rats escaping diabetes (174 days after transplantation) and BB-DR rats 174 days after transplantation, only five of the 82 protein spots differed in expression (N: 377 and I: 248, 1202, 6585 and 712) ( Table 2 ). These five proteins are galectin-3 (N 377, involved in cell differentithese 32 proteins, the expression of the majority (25) was changed in the same direction, as previously demonstrated in islets exposed to IL-1β in vitro [28] . Comparing transplants from the day of onset of diabetes in the BB-DP rats with age-matched BB-DR/WF rats (day 48), 19 of the 82 proteins were changed at the onset of diabetes and 16 of these were changed in Fig. 4 . In situ hybridisation for IL-1β in transplants. IL-1β mRNA expression in diabetes-prone bio-breeding rat islet (BB-DP) and diabetes-resistant bio-breeding rat islet (BB-DR) transplants on day 7, 23 and 48 after transplantation or at the onset of diabetes. IL-1β expression is expressed as clusters of grains of mRNA for IL-1β per mm 2 transplant in BB-DP (n=6) and BB-DR (n=3). Error bars indicate standard deviation. IL-1β mRNA was present at all time points examined, and significantly higher expression of IL-1β mRNA is observed in BB-DP transplants at the onset of diabetes than in BB-DR transplants. *** p=0.00052; DM, at the onset of diabetes mellitus; black, BB-DP; white, BB-DR ation and apoptosis), 25-Dx (I 1202, membrane-associated progesterone receptor component with high homology to the IL-6 receptor), adenosine phosphoribosyltransferase/UMP-CMP kinase (I 248, both involved in purine/pyrimidine synthesis) and two unidentified proteins (I 6585 and I 712) ( Tables 1 and 2 ).
The presence of mRNA for IL-1β in the BB-DP and BB-DR transplants was assessed by in situ hybridisation on day 7, 23 and 48 and at the onset of diabetes (Fig. 4) , and demonstrated that mRNA of IL-1β is present early on in the development of diabetes. A significant difference in IL-1β mRNA at the onset of diabetes compared with on day 48 in BB-DR was observed (p=0.00052), whereas no significant differences were observed on day 7 and 23 (p=0.45 and 0.78 respectively).
Among the previously unidentified proteins, we have identified proteins from six spots (Table 1) , owing to the constantly increasing number of proteins in the databases used, and to improvement of the search programs. With these six new identifications, the total number of spots with identified proteins goes up to 57 out of 82 (69% identification rate).
Discussion
IL-1β induces time-and dose-dependent changes in beta cells, affecting function, biosynthesis and gene transcription, and induces cell death through different pathways, e.g. apoptosis and necrosis [4, 39, 40, 41] . We have previously demonstrated by proteome analysis that IL-1β significantly influences the expression of 82 protein spots in BB-DP islets [27] . Of these 82, we have initially identified the proteins in 51 spots, corresponding to 45 different proteins [28] . Among the previously unidentified proteins we have subsequently identified proteins in six additional spots after new searches in the constantly growing databases.
In the present study we were able to identify all of the 82 protein spots with changes in expression in BB-DP rat islets in vitro after exposure to IL-1β in syngeneically transplanted BB-DP, BB-DR and WF rat islets. These 82 proteins were followed in the transplants throughout the development of diabetes and in transplants from BB-DP rats escaping diabetes, and followed to corresponding time points in syngeneic BB-DR/WF transplants. Furthermore, we have shown the presence of mRNA for IL-1β in syngeneic BB-DP islet transplants early on in the pre-diabetic period, suggesting that IL-1β is present when minimal cellular infiltration is seen in the transplants [29] . There was no significant difference between BB-DP and BB-DR in IL-1β expression prior to development of diabetes. Combined with the number of expression changes in the transplants 7 days after transplantation, this suggests a role of IL-1β in influencing the protein expression pattern and in the development of diabetes. The cellular origin of mRNA for IL-1β in the transplants remains unknown. Macrophages, either resident or invading, could be a source for the IL-1β. IL-1β can be released in islets in quantities sufficient to influence beta cell function from macrophages or from beta cells themselves, which have been shown to be N 1401 # 0.17 M4 protein deletion RNA-processing gi 3126878 dp (2.19) DP (0.56) mutant GABA catabolism gi 3046865 dp (1.86) dp (3.00) DP (0.11) DP (0. N 212 # 0.33 Weak spectrum no ID dp (2.52) DP (0.30) dp (3.26) dp (3.96) N 403 # 0.31 Weak spectrum no ID dp (2.14)
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Proteins identified in IL-1β-exposed diabetes-prone bio-breeding rat islets (BB-DP)
in vitro are grouped according to known and putative functions. Match numbers are arbitrary numbers given by the computer and correspond to the number of the spot in the in vitro experiments. The prefixes N or I refer to NEPHGE and IEF gels respectively. Changes in response to IL-1β in vitro are given as the ratio of percentage of integrated optic density (%IOD) between compared gels. Values below 1 indicate down-regulation and values above 1 indicate up-regulation of the protein spot [28] .
Accession number and protein name refer to the National Centre for Biotechnology Information database [37] . To distinguish between a significant change in expression in vivo being similar or opposite to IL-1β-induced changes in vitro, small and capital letters are used in the right part of the table. Capital letters indicate expression changes as by IL-β in vitro, and small letters indicate changes opposite to those seen in IL-1β-exposed BB-DP islets in vitro. Empty boxes indicate no significant difference. Given in brackets are the %IOD ratios, where values above 1 indicate increased ex-pression in the oldest transplant or at the onset of diabetes, and values below 1 indi-cate decreased expression in the oldest transplant or at the onset of diabetes. * indi-cates newly identified proteins and # indicates proteins "specific" for diabetes devel-opment in vivo in BB-DP rats. DM, at the onset of diabetes mellitus; DP or dp, BB-DP; DRWF or drwf, BB-DRWF (diabetes-resistant bio-breeding/Wistar Furth islets). DP7 means BB-DP day 7 after transplantation, DP12 means BB-DP day 12 after transplantation etc. Table 2 .
Comparison of protein expression in age-matched BB-DP and BB-DR/WF rat islet transplants DP7 to DP12 to DP23 to DP37 to DP48 to DPDM to DP200 vs DRWF7 DRWF12 DRWF23 DRWF37 DRWF48 DRWF48 DR200
Energy transduction and redox potentials (n=9) Identified proteins that changed in their expression in diabetes-prone bio-breeding islet transplants (BB-DP) compared with age-matched control transplants (diabetes-resistant bio-breeding Wistar Furth islet transplants, BB-DR/WF), ordered according to functional groups. In brackets below the function is the number of protein spots from which proteins have been identified. The proteins mentioned represent proteins from 56 of the 82 changed spots in IL-1β-exposed BB-DP islets in vitro. In italic font there are proteins that change in expression as seen in IL-1β-exposed BB-DP islets in vitro. For expression in IL-1β-exposed islets and identifications see Table 1 . DP7 means BB-DP on day 7 after transplantation, DRWF7 means BB-DR/WF on day 7 after transplantation, etc.
able to produce IL-1β [8, 9] . The production of IL-1β in beta cells may be induced by elevated glucose concentration in vitro in the absence of an autoimmune process [42] . In vivo, this effect may accelerate and perpetuate the destruction of beta cells when an autoimmune destruction is ongoing and blood glucose level is rising. The transplanted rats all had normal blood glucose values until immediately prior to and at the onset of diabetes [29] . Taken together, these observations suggest that IL-1β is present early on in the prediabetic period and may participate in the initiation of diabetes in the BB-DP rat through induction of changes in the protein expression profile that are different from the changes in BB-DR transplants. These protein changes may be involved in changing the state of the beta cell from one of dynamic stability into one of dynamic instability, thereby leading to destruction [43] . The 18 proteins specific for the changes seen on day 48 in BB-DP compared with at the onset of diabetes (N: 268, 1355, 272, 317, 381, 284, 509, 212, 68 and I: 706, 75, 237, 62, 217, 1096, 8264, 683, 838) represent proteins and functional entities from most functional groups influenced by IL-1β in vitro [28] . Furthermore, most of these proteins are changed as by IL-1β in vitro, further suggesting that islet destruction in vitro as well as in vivo involves the same pathways and proteins. The complexity of the effects of the changes described here substantiates the idea that development of Type 1 diabetes is the result of a collective, dynamic instability, rather than of a single factor [43] .
Not all of the changes that were previously observed in vitro were seen in the present BB-DP and BB-DR/WF transplant experiments. Ten of the 82 protein spots did not change in expression, suggesting no major role for these proteins in vivo, and leaving 72 proteins with a potential role in diabetes development. The highest number of changes is found when comparing the BB-DP transplants from day 48 (non-diabetic) with those from the day of onset of diabetes (day 48±5 days after transplantation). Most of these (25 out of 32) are changed, as seen previously, by IL-1β exposure in vitro. This correlates well with the time point with the highest expression of mRNA for IL-1β. Of the 32 proteins, 18 are "diabetes specific" (seen only in BB-DP) and most of them change expression levels as seen in islets exposed to IL-1β in vitro. This supports the relevance of data obtained in vitro from IL-1β-exposed BB-DP islets, and further suggests that the effects of IL-1β on protein expression are relevant and important during diabetes development. It also suggests that IL-1β may play a role in the pathogenesis of diabetes [3, 4] .
During destruction of the islets in the transplant, the transplants are infiltrated with inflammatory cells [29] . Proteins from the inflammatory cells and fibrous tissue are isolated from the transplant together with islet proteins, and can potentially "dilute" the protein's profile from the islets. In the study of the IL-1β-exposed islets, p values below 0.01 were considered statistically significant, which in this study corresponds to changes that are approximately two-fold or greater [27] . This may, however, result in an underestimation of the number of changes in response to IL-1β in vitro and thereby also in vivo.
Furthermore, it is important to remember that a plethora of cytokines, including IL-1β, are involved during beta cell destruction in vivo [44] , and that IL-1β exposure of islets is a simplified model for beta cell destruction. The BB-DP transplantation model reflects the spontaneous development of diabetes, with its known and unknown influencing factors and their interactions [21] . Using other cytokines or combinations of cytokines and exposure time in vitro may give another protein expression profile, as seen in mRNA expression studies of sorted beta cells and beta cell lines [45, 46, 47] . However, we build on data from previous studies by our group showing that the chosen concentration of IL-1β has substantial impact on rat beta cell function and viability [4, 24, 48, 49, 50, 51] .
Throughout life, the beta cell mass changes dependently upon function and demand [52] , and re-organisation and re-vascularisation take place in transplanted islets [53] . Since beta cell mass changes during life [54] , a number of proteins are expected to change in expression throughout life as part of normal processes. In rats that do not develop diabetes (BB-DR/WF transplants), proteins that change expression over time may in part originate from the normal processes of ageing and beta cell turnover. Hence, such proteins may be of minor interest for the disease process, and are putatively removed from the list of proteins of particular interest for the development of diabetes in our model system. On the other hand, this study does not allow us to give importance to small and statistically non-significant changes in protein expression levels and to decide whether many minor changes together are what produce beta cell destruction and diabetes.
Fewer changes in protein expression are seen in the BB-DR/WF transplants over time than in the BB-DP transplants, suggesting genetically influenced differences in IL-1β sensitivity. Other studies have shown strain-dependent differences in beta cell function using the same concentration of IL-1β and genetically influenced differences in IL-1β sensitivity [24, 55] . Proteins that only changed in the BB-DP rats as well as proteins only expressed in rats not developing diabetes are therefore of particular interest for the development of diabetes and for protection against the development of diabetes respectively.
As expected, in BB-DP rats escaping diabetes (day 174 after transplantation) and in age-matched BB-DR rats, few proteins (five) are expressed differently. This is the lowest number of proteins in all the comparisons between BB-DP and BB-DR/WF transplants, suggesting that BB-DP rats escaping diabetes are more similar to BB-DR rats regarding IL-1β-induced proteins. Inter-estingly, these proteins are galectin-3, 25-Dx, adenosine phosphoribosyltransferase/UMP-CMP kinase (two proteins identified in the same spot) and two unidentified proteins. Four of these (galectin-3, 25-Dx, adenosine phosphoribosyltransferase/UMP-CMP kinase and one unidentified protein) changed in expression, as detected previously by IL-1β exposure in vitro.
Galectin-3, an inhibitor of apoptosis [56, 57, 58] , was up-regulated in three spots in the IL-1β-exposed BB-DP islets in vitro [28] and was found to be less expressed in BB-DR transplants than in BB-DP transplants escaping diabetes. This may suggest a lower need for the inhibition of apoptosis in BB-DR transplants.
We found 25-Dx, a receptor for progesterone, to be down-regulated after IL-1β exposure of BB-DP islets and up-regulated in BB-DR transplants compared with BB-DP transplants. The protein 25-Dx has 71% homology with the transmembrane domain of the precursor for the IL-6 receptor [59] . IL-6 is a pro-inflammatory cytokine also involved in autoimmune diseases through regulation of the immune response [60] , which suggests that there is a difference in regulation of the immune response between BB-DP and BB-DR rats.
Adenosine phosphoribosyltransferase/UMP-CMP kinase are both involved in purine/pyrimidine synthesis. DNA/RNA synthesis was down-regulated in BB-DP islets and in BB-DP rats escaping diabetes compared with that in BB-DR rats, suggesting a downregulation of DNA and RNA synthesis in BB-DP rats as a result of, for example, less repair or regeneration.
Of the newly identified proteins, three seem to be of particular interest: Rho GDP dissociation inhibitor alfa (I 266), peroxiredoxin 2 (I 242) and pyridoxal kinase (I 418). Rho GDP dissociation inhibitor is an endogenous inhibitor of Rho small GTPases, which are required for gene transcription through the mitogenactivated protein kinase pathway, cytokinesis, growth and cell shape changes [61, 62] . The Rho GDP dissociation inhibitor is up-regulated by IL-1β in vitro in BB-DP islets [28] , and changed in BB-DP transplants but not in the BB-DR/WF transplants. This suggests a role for Rho GDP dissociation inhibitor in the development of diabetes.
Peroxiredoxin 2 is involved in reducing hydrogen peroxide levels and resistance to TNF-α-induced apoptosis [63] . It is down-regulated in IL-1β-exposed BB-DP islets, and up-regulated in BB-DP transplants from day 7 to 12 and in BB-DR/WF transplants on day 12 compared with BB-DP transplants on day 12. This is suggestive of a protective role for this scavenging protein in BB-DP transplants in the early phases of the development of diabetes. The role is lost as development proceeds.
Pyridoxal kinase is necessary for the conversion of B 6 -vitamins to pyridoxal-5-phosphate, an essential cofactor for numerous enzymatic reactions of intermediary metabolism [64] . The gene for pyridoxal kinase is located on chromosome 21q22.3 [65] close to the AIRE gene for autoimmune polyglandular disease type 1 [66, 67, 68] . Here, IL-1β down-regulated pyridoxal kinase in BB-DP islets in vitro as it was at the onset of diabetes in BB-DP rats, which suggests a role for pyridoxal kinase in the pathogenesis of diabetes.
The proteins that are commonly changed in both BB-DP and BB-DR/WF over time (28 proteins) may represent proteins that change during ageing in normal islet ageing, and as such are not of primary interest in the pathogenesis of diabetes.
The findings in the present study reflect the specific experimental conditions, e.g. concentration of IL-1β, exposure time and labelling interval, as well as the general culture conditions and methodological limitations. This is reflected in, for example, the expression of the iNOS protein, which is known to change in response to IL-1β, but is not tracked in this study. One possible explanation for this may be that the iNOS protein has an isoelectric point of 6.89 and a molecular weight of 130 M r , which places the iNOS protein spot near the border of the IEF and the NEPHGE gels covering pH in the ranges of 3.5-7.0 and 6.5-10.5 respectively. The resolution and reproducibility of the gels in the border areas are inaccurate. Using other gels with different pH ranges may solve this problem.
In summary, in this study we have tracked and followed IL-1β-induced changes in protein expression in vitro in an in vivo model and related these changes to the development of diabetes in the BB-DP rat. Furthermore, we have produced a rather detailed picture of protein expression during the development of diabetes in the BB-DP rat and produced evidence to suggest that IL-1β-induced in vitro protein expression changes in islets also occur in vivo. No single protein seems to be responsible for the development of diabetes, but rather the cumulative numbers of changes seem to interfere with the stability of the beta cell, thereby pushing it towards destruction and towards the development of diabetes.
